The gels were scanned in a Epson Perfection V700 Photo scanner. supernatant was discarded and the pellet was stored at -20 o C until further usage. 160 The pellet was resuspended in ice cold lysis buffer (12.5 mM Na-161 phosphate pH 7.2. 75 mM NaCl, 5 mM β-mercaptoethanol, EDTA-free protease 162 inhibitor (1 tablet/50 ml) (Roche)). The cells were disrupted by an EmulsiFlex-C5 163 (Avestin) cell disruptor. The lysate was centrifuged in Avanti J-26 XP centrifuge 164 using JA-25.5 rotor at 21,000 rpm for 45 minutes at 4 o C. The lysate was filtered 165 by 22 µm polypropylene filter (VWR) to remove the cell debris and insoluble 166 aggregates. The purification was done using an AKTA Purifier (GE Healthcare).
167
Wild type full length Hsp90 was first purified on an IMAC POROS 20MC 168 (Thermo Fischer Scientific) affinity purification column (solutions connected to 9 pump A1 and A2: 50 mM Na-phosphate buffer pH 8.0 with 300 mM NaCl, B1: 170 demi water with 10 mM β-mercaptoethanol, B2: 1 M imidazole (Sigma-Aldrich)).
171
The eluted sample was diluted 4-fold with dilution buffer (25 mM Na-phosphate 172 buffer pH 7.2, 5 mM DTT (Sigma-Aldrich), complete protease inhibitor (1 tablet/50 173 ml) (Roche)). Next the sample was loaded on a POROS 20HQ anion exchange 174 column (Thermo Fischer Scientific) (solutions connected to pump A1 and A2: 50 175 mM Na-phosphate pH 7.2, B1: demi water with 10 mM DTT, B2: 2 M KCl). The 176 eluted sample was diluted 10-fold with dilution buffer (25 mM Na-phosphate 177 buffer pH 7.2, 5 mM DTT, complete protease inhibitor (1 tablet/100 ml)). Finally, 178 the sample was loaded on a HiTrap heparin affinity chromatography column (GE 179 Healthcare) (solutions connected to pump A1 and A2: 25 mM Na-phosphate pH 180 7.2, B1: demi water with 10 mM DTT, B2: 2 M KCl). The eluate was concentrated 181 and buffer exchanged to Hsp90 storage buffer (25 mM Na-phosphate pH 7.2, 150 182 mM NaCl, 150 mM KCl), 5 mM DTT, complete protease inhibitor (1 tablet/100 183 ml)) using a Vivaspin 20 column (50 kDa MWCO) (GE Healthcare) at 4 o C at 5000 184 rpm for 15-15 minutes until above 100 µM protein concentration. The protein 185 concentration was determined with ND-1000 program on an ND-1000 186 Spectrophotometer type NanoDrop using 57760 M -1 cm -1 extinction coefficient.
187
The sample was aliquoted, frozen in liquid N 2 and stored at -80 o C. Throughout 188 the purification procedure samples were taken from the steps of the purification 189 that were run on SDS-PAGE to analyse sample purity. 
SEC-MALLS 228
The protein sample was centrifuged and its concentration was measured as 229 described in the CD spectroscopy part. 10 µl of ~29 g/l sample was run with Analytical Ultracentrifugation (AUC) 238 The protein sample was centrifuged and its concentration was measured as 239 described in the CD spectroscopy part. The protein sample was diluted to 7.2 µM 240 concentration with Hsp90-buffer (25 Na-phosphate pH 7.2, 150 mM NaCl, 150 241 mM KCl, complete protease inhibitor (1 tablet/50 ml), 5 mM freshly added DTT).
242
The sample was centrifuged on 20 o C for 16 hours at 42,000 rpm in a Beckman 243 XL-I ultracentrifuge using An60Ti rotor. We used absorbance detection optics for 244 our experiment. The data was analysed by SedFit (Schuck, 2000) .
Results

247
Systematic testing of recombinant human Hsp90β overproduction 248 We set out to systematically test the effect of key parameters on recombinant 249 human Hsp90β production in Rosetta 2 cells and to identify conditions resulting in 250 high protein levels. 251 We outlined our study as follows: We cultured E. coli cells containing 252 human Hsp90β open reading frame on a pET23a+ vector and tested media with 253 different nutrient values and different temperature of induction to modulate the 254 metabolism of E. coli cells. We induced the cultures with different final 255 concentration of IPTG affecting the level of T7 polymerase. We also varied the 256 length of induction and the OD 600 value at induction, because in case of certain 257 proteins these are essential parameters for successful overproduction.
258
At given time points we took samples from the cultures and ran them on 259 SDS-gels ( Figure 1A) . We loaded protein marker in the first, uninduced sample 260 in the second and purified Hsp90 in the last lanes of the SDS-gels. These 261 samples helped to identify the Hsp90 bands that appeared after induction. Lane The yield of recombinant human Hsp90β protein in E. coli using LB medium 295 was insufficient for preparative purposes 296 We tested Hsp90 overproduction in LB medium varying the length of induction, 297 the temperature, the OD 600 at induction and the IPTG concentration to measure if 298 any of these parameters modulated the levels of the chaperone.
299
After one and three days of induction no Hsp90 band appeared in the 300 induced samples, none of the conditions led to sufficient Hsp90 overproduction 301 (Figure 2A and B 2x YT medium improved the yield of Hsp90 production 315 Since protein production in LB resulted in poor yields we hypothesised that the 316 nutrient value of the medium may be a critical parameter in case of Hsp90.
317
Therefore, we repeated the overproduction experiment in the richer 2x YT 318 medium. We varied the length of induction, the temperature, the OD 600 at 319 induction and the IPTG concentration to determine if any these parameters affect 320
Hsp90 production in 2x YT.
321
After one and three days of induction a new band appeared at the height 322 of Hsp90 in the induced samples, suggesting that we could produce the 323 chaperone (Figure 3A and B) . The newly appearing Hsp90 band is stronger after 324 three days of induction compared to one. Hsp90 production in 2x YT resulted in 325 higher yields than in LB within the interval of the parameters we varied. When induced for five days, we observed significant overproduction of the 338 chaperone ( Figure 3C ) in certain cases (lane 7-9), whereas other conditions led 339 to similar results to those observed on previous gels (lane 10, 12). Hsp90 340 production levels were variable in the different conditions. We concluded that 341 Hsp90 overproduction resulted in higher yields in 2x YT after five days of 342 induction compared to shorter induction times and culturing in LB medium, but 343 the yields were still insufficient for preparative purposes.
345
Recombinant human Hsp90β production had the best yield in the E. coli 346 cells in TB medium 347 Since the richer 2x YT medium had a positive effect on Hsp90 levels we decided 348 to test the protein production in TB medium which is higher in nutrients than 2x 349 YT. We varied the same parameters as described previously.
350
After one day of induction, a strong band appeared at the height of Hsp90 were variable. Already after three days of induction in TB medium resulted all the 354 conditions tested in a strong Hsp90 band (Figure 4B) . We observed similar
355
Hsp90 levels with five days of induction (Figure 4C) . Thus, TB medium resulted 356 in higher yields compared to both LB and 2x YT media, and after a shorter period To compare the protein production results of the different gels we estimated 372
Hsp90 overproduction by gel densitometry as described in Figure 1B . In LB 373 medium we observed low level of Hsp90 overproduction in each condition 374 ( Figure 5A) . The tendency improved with the length of induction but even after 375 five days the yields were insufficient for preparative purposes in all conditions. induction is the only variable that has a significant effect on Hsp90 production.
389
The yield is higher in TB compared to LB and 2x YT. The structure of the chart is 390 as in (A).
392
We noted similar trends in case of 2x YT medium, the level of protein 393 overproduction was insufficient and had similar yields after one and three days of 394 induction ( Figure 5B) . After five days of induction in 2x YT, however, Hsp90 395 overproduction was still insignificant. Just like in LB, the other varied conditions 396 did not modulate Hsp90 levels in this medium. In 2x YT medium the yield was 397 higher in every condition compared to LB.
398
Hsp90 overproduction in TB was significantly higher than in the other two 399 media. The length of induction had a significant effect on the Hsp90 yields, and 400 here we reached good yields already after three days. The other tested 401 parameters did not influence the Hsp90 yield in TB.
402
Overall we concluded that the quantification of the gels in Figure 2 , 3 and 4 403 confirmed our observations about the overproduction gels (Figure 5A, B incubated for 3 hours (lane 3, 6, 9), 18 hours (lane 4, 7, 10), 24 hours (lane 5, 8, 468 11). Figure 7A) . Therefore we concluded that Hsp90 purified using the March 2017 23 new purification protocol was stable if incubated at 37 o C up to 24 hours. Since
474
Coomassie staining has limited sensitivity especially in the range of low molecular 475 weight, we further examined silver staining to further examine the stability of the 476 sample by silver staining (Figure 7B) . Here, we observed impurities and/or 477 degradation products in every sample but we did not see a systematic increase of 478 any bands upon incubation at 37 o C up to 24 hours.
479
This newly optimised, reproducible purification protocol enabled us to 480 prepare a highly pure, stable and homogeneous sample within one day. Hsp90 revealed that the chaperone is mainly composed of α-helices ( Figure 8A) . 488 We observed two minima at ~209 nm and at ~ 222 nm and a maximum at ~ 194 489 nm in the spectrum which is in agreement with the previous findings (Prodromou provides an attractive alternative for the baculovirus system.
526
First, we systematically tested the production of recombinant human 527
Hsp90β in E. coli cells to identify parameters that modulate the yield of the 528 chaperone. We showed that the length of induction and the nutrient level of the 529 medium had significant effect on Hsp90 overproduction, whereas temperature,
530
IPTG concentration and OD 600 at induction (within the tested intervals) did not 531 significantly modify the yields of Hsp90. Induction for three days in TB medium 532 resulted in good yield of the chaperone.
533
Moreover, we purified Hsp90 using a protocol that allowed us to finish preparation steps such as dialysis, size exclusion chromatography or both that 542 may affect protein quality (16) (17) (18) (19) . Using the combination of Ni-affinity 543 chromatography, anion exchange and the Hsp90-specific heparin column allowed us to get rid of degradation products and impurities in only three purification 545 steps. The resulting sample was sufficiently pure and resistant to proteolytic 546 degradation upon incubation on physiological temperature for up to one day, and 547 showed expected biophysical properties (CD, SEC-MALLS).
548
In our AUC experiments human Hsp90 sedimented predominantly as a 549 dimer with S=5.6 and a small fraction as a tetramer with S=10.6. It is notable that 550 human Hsp90 is known to be in extended conformation (D max =26 nm) in the 551 absence of nucleotide and co-chaperone p23 (10). Similarly to our results, earlier 552 findings showed that in the absence of nucleotides, consequently in its extended 553 conformation, yeast Hsp90 also had the sedimentation coefficient of 5.6 (23).
554
These results indicate that these two proteins sediment similarly when in 555 extended conformation. However, in the presence of ATP that stabilises compact 556 conformation, yeast Hsp90 sedimented with the coefficient of 6.8, suggesting that 557 structural rearrangements altered its sedimentation properties (23). In similar 558 experiments Hsp90 sedimented with the coefficient of 6.1 (24). The variations 559 between these results may be explained by the differences between the origin of 560 the samples (porcine brain Hsp90 that has different post-translational 561 modification pattern and was a mixture of α and β isoform vs Hsp90), moreover, 562 by buffer, salt and reducing agent conditions.
563
In summary, we optimised Hsp90 overproduction and a fast and efficient 
